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It has taken over 30 years for Carbon Dioxide Flooding (C02
Flooding) to become a major contributor to the US oil production.
The road to the current success of carbon dioxide flooding involved
the cooperation of government (ERDA/DOE), universities and industry.
Many of the initial problems associated with this process have been
solved. New challenges have emerged, which if solved, can greatly
the increase the o0il recovery from current and future carbon
dioxide floods. A brief history of carbon dioxide flooding is show
by Table 1.

This flooding process is particularly amenable to deep low
permeability reservoirs such as those located in the Permian Basin
of West Texas and South Eastern New Mexico. Figure 1 shows the
number of CO2 flooding project from the 1950s until 1996. It was
over 12 years from the time the first carbon dioxide paper for oil
recovery was published in the late 1950s until the first major
field test was started in 1971.

The o0il production due to carbon dioxide flooding is over 170,000
barrels per day. There are over 300,000 acres undergoing carbon
dioxide flooding. Most CO2 flooding projects are located in the
Permian Basin area. Figure 2 shows the current production due to
carbon dioxide flooding in the United States and Canada.

The cumulative revenue from carbon dioxide flooding, using $20 per
barrel as an average oil price, is approaching 6 billion dollars as
shown by Figure 3.  There was no significant production from carbon
dioxide flooding until 1980.

The government has played an important part in causing carbon
dioxide flooding to become commercial. Table 2 lists most of the
wholly or partially funded government projects. If the
government's contribution to the total revenue is estimated at only
10%, this amounts to nearly 600 million dollars (Figure 4).



New challenges have emerged, which if solved, can greatly increase
the o0il recovery from current and future carbon dioxide floods.
Current carbon dioxide flood leaves behind a significant amount of
oil. The current floods are estimated to recover only about 7.5%
of the Original-0il-In-Place (OOIP is the volume of oil in the
reservoir at discovery). Assuming a 30% recovery efficiency for
the primary and secondary production, this would correspond to only
11% of the 0il-In-Place (OIP is the volume of oil in the reservoir
at the start of the carbon dioxide flood). An increase in the
recovery efficiency from 7.5% of OOIP (11% OIP) to 30% of OOIP (43%
OIP) would increase the annual production from carbon dioxide
floods from 62 million barrels to nearly 250 millions barrels.
This is one of the main focuses of the gas flooding research
program.



Table 1

An outline of the history of gas flooding and in particular carbon
dioxide. '

Late

1950s A paper was published that showed carbon dioxide to
be a promising oil recovery agent.

Early

1960s Research  directed toward miscible flooding
(enriched natural gas drives, wet natural gas
drives, ethane, propane, butane and other
solvents) . Research directed toward dispersion
affects, gravity effects, and miscibility
correlations. Carbon dioxide was not considered a
viable process due to large amount of carbon
dioxide needed for field implementation.

Late

1960s Most miscible methods were found to be uneconomic
due to increased demand for natural gas, ethane,
propane, and butane. Interest in using carbon
dioxide increased and efforts were started to find
large sources of carbon dioxide.

Early

1970s The amount of carbon dioxide from natural gas
plants and power plants was determined. The first
carbon dioxide flood implemented was implemented in
1971 with the carbon dioxide source from a natural
gas plant. Research focused on determining the
Minimum Miscibility Pressure (MMP), effect of
impurities, and phase behavior.

Late

1970s By the end of the 1970s, nearly twenty carbon
dioxide pilot and field floods were ‘started.
Research areas were Equations-of-State (EOS) ,
reservoir simulators, rock/fluid interactions and
corrosion. Pipelines were built from large natural
carbon dioxide sources in New Mexico and Colorado
to the Permian Basin. Carbon dioxide immiscible
flooding field test were conducted.



Table l'(Contihued)

Early
1980s

Late
1980s

Early

1990s

Late
1990s

Early
2000s

Pipelines were opened to Permian Basin. Due to the
low wviscosity of carbon dioxide, the Mobility
Control/Sweep Improvement in the field was
recognized as a serious challenge. Research was
initiated using foams, entrainers, or solvents. It
was found Water-Alternate-Gas (WAG) good to reduce
gravity segregation and improve CO2 gas handling
capabilities.

Oil price collapsed in the mid 1980 which caused
many carbon dioxide floods to be canceled or

delayed. There was a major rethinking carbon
dioxide field flooding procedures. The field
procedures and past research was reviewed to
determine what is important to reduce the cost of
carbon dioxide floods. Pipelines were not at
capacity and carbon dioxide prices dropped.
Reduced cost carbon dioxide floods were
implemented.

Relatively Low cost €02 floods started. The
reservoir sweep is still low. Field results show

that better Mobility Control/Sweep Improvement and
better simulation for fluid placement are needed to
reduce the CO02 utilization rate.

There are currently 64 carbon dioxide floods in the
United States. These floods cover nearly 300,000
acres and have almost 170,000 bpd of enhanced oil
production. A typical flood is recovering about
7.5% of OOIP (15% of OIP). There is a major need
for better sweep improvement/mobility control and
carbon dioxide placement. Improvements in sweep
and mobility could increase recovery to about 30%
of OOIP (43% of OIP) or more.

The pipelines are nearing capacity and the cost of
carbon dioxide is rising. Methods to improve
reservoir sweep, mobility control, and placement of
carbon dioxide in field floods are needed to
decrease the carbon dioxide utilization rate.
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